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Abstract : Pain from surgical procedures occurs as a consequence of tissue trauma and may 
result in physical, cognitive, and emotional discomfort. Almost a century ago, researchers first 
described a possible relationship between intraoperative tissue damage and an intensifica- 
tion of acute pain and long-term postoperative pain, now referred to as central sensitization. 
Nociceptor activation is mediated by chemicals that are released in response to cellular or tissue 
damage. Pre-emptive analgesia is an important concept in understanding treatment strategies 
for postoperative analgesia. Pre-emptive analgesia focuses on postoperative pain control and 
the prevention of central sensitization and chronic neuropathic pain by providing analgesia 
administered preoperatively but not after surgical incision. Additional research in pre-emptive 
analgesia is warranted to better determine good outcome measurements and a better apprecia- 
tion with regard to treatment optimization. Preventive analgesia reduces postoperative pain 
and consumption of analgesics, and this appears to be the most effective means of decreasing 
postoperative pain. Preventive analgesia, which includes multimodal preoperative and post- 
operative analgesic therapies, results in decreased postoperative pain and less postoperative 
consumption of analgesics. 

Keywords: preventive analgesia, central sensitization, chronic pain, pre-emptive analgesia, 
multimodal analgesia, acute pain 

Introduction 

There has been much confusion and controversy regarding the terms pre-emptive 
analgesia and preventive analgesia. While the aim of both is to decrease postopera- 
tive pain while decreasing the consumption of analgesics after surgery and reduction 
of long-term pain sensitization, this review attempts to clarify and differentiate these 
two concepts. Recent understandings in pre-emptive analgesia have defined it as an 
intervention given before incision or surgery, given that it is more effective than the 
same treatment administered after incision or surgery. 1 - 2 It is important to remember 
the timing of pre-emptive analgesia in that it is an antinociceptive treatment given prior 
to incision or surgery. This helps to prevent the development of altered processing of 
afferent input, which would otherwise amplify postoperative pain. 3 Almost a century 
ago, Crile 4 first described a possible relationship between intraoperative tissue damage 
and an intensification of acute pain and long-term postoperative pain, which is now 
referred to as central sensitization. He advocated a multimodal approach, including 
drugs and use of regional blocks with local anesthetics, in addition to general anesthesia. 
His rationale was to prevent intraoperative nociception with what we now call pre- 
emptive analgesia; lack of such intervention can lead to changes in the central nervous 
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system during surgery and formation of painful scars. Wall 
first proposed the concept of pre-emptive preoperative anal- 
gesia in 1988. 5 Pre-emptive analgesia given before incision 
and surgery focuses on managing perioperative pain, as well 
as conferring neuroprotective properties. 6 

The concept of pre-emptive analgesia is based on advances 
and research in the basic science of pain and evidence-based 
clinical research. It has now been refined and evolved to a 
broader concept that surgical incision alone is not the trigger 
for central sensitization. 7 Other factors, such as preoperative 
pain and additional painful noxious intraoperative inputs 
such as retraction, as well as postoperative inflammatory 
processes, related peripheral and central neuromodulators, 
and ectopic neural activity 8 can all cause an intensification 
of acute pain and long-term postoperative pain as a result of 
central sensitization. At present, there are several multimodal 
strategies covering the perioperative period that can help 
to decrease postoperative pain and minimize consumption 
of analgesics. Preventive analgesia is now considered a 
more appropriate term because it encompasses all periop- 
erative efforts to decrease postoperative pain and decrease 
consumption of analgesics. Preventive analgesia could be 
provided by a number of means, including no treatment at 
all, placebo treatment, or multimodal treatment that can be 
given to decrease postoperative pain and reduce analgesic 
consumption. This treatment can be given at any time in 
the perioperative period including the preoperative period 
which results in a duration of action greater than that expected 
for the particular intervention given to decrease postoperative 
pain and to reduce consumption of analgesics. 12 The molecu- 
lar basis of central sensitization is an important concept for 
the understanding of pre-emptive analgesia and preventive 
analgesia. Central sensitization provides the neurobiologi- 
cal basis for much of the pain suffered by patients long after 
normal tissue healing has occurred. 9 

Left untreated acute pain can lead to long-term emotional 
and psychological distress and has the potential to develop into 
a chronic pain state which is much more difficult to manage. 10 
Central sensitization can occur for a variety of reasons, rang- 
ing from preoperative pain to intraoperative tissue injury and 
postoperative inflammatory processes that can occur imme- 
diately after surgery up to several weeks later." 

Molecular mechanisms 
of central sensitization 

In 1 986, Woolf and Wall demonstrated that the motor and sen- 
sory changes found after peripheral tissue injury were linked 
to peripheral activation of C afferents. 12 Tissue injury results 



in initiation of nociceptive signals to the dorsal horn of the 
spinal cord by A fiber nociceptors and by polymodal C fiber 
nociceptors. 13 Activation of nociceptors is mediated by 
chemicals that are released in response to cellular or tissue 
damage. For example, injured cells release leukotrienes and 
potassium, platelets release serotonin, and vascular injury 
causes a release of bradykinin from plasma. 14 These noci- 
ceptive signals release neurotransmitters and substances 
which amplify the responses from the dorsal horn neurons, 
with resultant further input into the dorsal horn leading to 
central sensitization. These substances include substance P, 
calcitonin gene-related peptide, and the excitatory amino 
acids, glutamate and aspartate. 15-17 Central sensitization, after 
tissue injury in both neuropathic and inflammatory pain, is a 
cause of increased pain sensitivity described as hyperalgesia 
and tactile allodynia, where there is pain to light touch and 
persistent chronic pain. In addition to increased excitability, 
there is a reduction in inhibitory transmission from decreases 
in inhibitory interneurons. 18 Given that clinicians have deter- 
mined a role for central sensitization in long-term changes 
of the central nervous system, treatment strategies involving 
modulation of central sensitization are important both in the 
short term and the long term. However, in some disorders, 
there is no evidence of nerve lesions or tissue injury as a 
trigger for pain hypersensitivity. For example, in disorders 
such as fibromyalgia or irritable bowel syndrome, 19 it appears 
that the pain is driven by central amplification of peripheral 
autonomous inputs caused by central sensitization occurring 
autonomously. 

Preoperative strategy for 
management of postoperative pain 

For effective postoperative pain control, a physician must 
include a prospective and predesigned strategy for manage- 
ment of pain and discuss the plan with the patient. This plan 
would include discussion of postoperative and periopera- 
tive management as well as physical therapy. 6 Before the 
operation, the clinician should also take a thorough patient 
history, including factors such as prior responses to pain, 
past contact with analgesics, current medications, fears or 
concerns regarding future pain, and any additional pertinent 
information. Such an assessment helps to pinpoint factors 
that may influence the severity of pain felt and the patient's 
response to it, as well as allow for open communication and 
alleviation of fear prior to surgery. 14 

Pain is more than a simple bodily reaction to noxious 
stimuli; rather, it is an intricate and individualized experience. 
Patients undergoing a surgical procedure are predisposed to 
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pain postoperatively for a number of reasons. For example, 
pre-existing pain (both acute and chronic), psychological 
influences, fear of recurring additional pain, neurovascular 
tissue damage from a prior operation, as well as the extent 
of the surgery can all contribute to major postoperative 
discomfort. 3 

Adverse clinical effects 
of postsurgical pain 

Pain from surgical procedures occurs as a consequence of 
tissue trauma and may further result in physical, cognitive, 
and emotional discomfort. 20 The outcome of a surgical 
procedure can be affected as a result of changes arising 
from pain. These pain-related changes can affect insu- 
lin, Cortisol, catecholamine, and other hormone levels. 21 
Decrease in physical mobility can predispose an individual 
to pneumonia, 22 and muscle splinting has the potential to 
decrease blood flow to an extremity, resulting in thrombosis or 
embolism. 23 Muscles can be further damaged by spasm, atro- 
phy, and impairment of metabolism. 21 Muscles controlling 
urinary bladder motility can become impaired, resulting in 
urinary retention. Coronary vasoconstriction from activation 
of the sympathetic nervous system can cause cardiovascular 
effects such as angina or ischemia. Furthermore, unresolved 
postoperative pain may give rise to sleep deprivation and 
psychological issues such as anxiety and depression. 24 

Chronic postsurgical pain 

Chronic postsurgical pain (CPSP) generally refers to pain 
that persists for 3-6 months after surgery. It affects a large 
number of individuals and disrupts their quality of life. 
More research is warranted to better understand the mecha- 
nisms of chronic postsurgical pain. CPSP can occur due to 
inflammatory processes or initiation of neuropathic pain from 
peripheral nerve damage during surgery, and both causing 
intense tissue injury. CPSP occurs in 10%— 50% of patients 
after surgery. 25 Several risk factors have been associated with 
the development of CPSP, and include psychosocial factors, 
sex, age, genetic predisposition, and level of pre-existing 
pain. It is well established that multimodal analgesia and use 
of surgical techniques that avoid nerve damage are beneficial 
for preventing long-term postsurgical pain. 

Prevention of postsurgical pain 
by preventive analgesia 

Woolf and Chong 26 and Wall 5 hypothesized that an antinoci- 
ceptive intervention given pre-emptively, ie, before the start 
of surgery, would decrease the intensity of postoperative 



pain, decrease hyperalgesia, and prevent central sensitiza- 
tion when compared with the same intervention given after 
the start of surgery. However, subsequent clinical studies of 
the hypothesis of pre-emptive analgesia by comparing anti- 
nociceptive interventions given before incision versus after 
incision yielded contradictory results. Preventive analgesia 
encompassing multimodal antinociceptive interventions, 
started preoperatively and given for an increased duration 
including the postoperative period, was found to be more 
effective in terms of decreasing postoperative pain and 
reducing analgesic consumption in the postoperative period. 
Preventive analgesia employing multimodal pain manage- 
ment for a longer duration and combining multiple analgesic 
treatments reduces untoward side effects, allowing more rapid 
recovery and earlier discharge from hospital. 27 

Substances and interventions 
used for preventive analgesia: 
clinical studies 

Central sensitization and hyperalgesia induced by the inci- 
sion can be attenuated by several agents in the perioperative 
period, including N-methyl-D-aspartic acid (NMDA) recep- 
tor antagonists such as dextromethorphan and ketamine. 
These drugs have been shown to have preventive analgesic 
effects, such as decreasing both acute and chronic postopera- 
tive pain. Other substances and interventions include epidural 
analgesia combined with systemic ketamine. Lavand'homme 
et al 28 were the first to demonstrate that postoperative sys- 
temic ketamine along with intraoperative epidural analgesia 
provides preventive analgesia after major gastrointestinal 
surgery and reduces the risk of development of chronic 
(persistent) postsurgical pain. 

Another interesting preventive analgesia intervention was 
multimodal treatment in patients undergoing thoracotomy, 
in whom epidural administration of neostigmine was started 
preoperatively and continued postoperatively in combination 
with morphine or bupivacaine, which reduced analgesic 
consumption significantly. 29 Although further studies are 
necessary to demonstrate clinical significance, there have 
been reports of systemic gabapentin attenuating hyperalge- 
sia after surgery, decreasing consumption of opioids, and 
reducing pain scores. 30,31 

Preventive analgesia was also demonstrated by Koppert 
et al, who showed that systemic lidocaine given periop- 
eratively decreased postoperative pain scores and reduced 
overall morphine consumption in the first 72 hours after 
surgery. 32 It appeared that peripheral sensitization was 
suppressed with this treatment. It must be emphasized that 
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some treatments may reduce the intensification of chronic 
postsurgical pain but not that of acute postoperative pain. It 
has been shown that modulators of central sensitization, such 
as spinal clonidine and ketamine, can reduce the incidence of 
persistent postoperative pain, but do not seem to significantly 
reduce acute postsurgical pain. 33 

Studies in pre-emptive analgesia 

Surgery, which induces central sensitization, has an incisional 
and an inflammatory phase, the latter being a reaction to 
damaged tissue. 3 Therefore, it has been suggested that anti- 
nociceptive protection provided by pre-emptive treatment 
should extend well into the postoperative period to cover the 
inflammatory phase in order to be effective. Some animal 
studies had demonstrated that anesthetic techniques which 
profoundly reduce the amount of pain information getting 
into the spinal cord and brain can prevent central sensitization 
and reduce subsequent pain-related behavior when adminis- 
tered prior to the painful stimulus. 34 However, other animal 
studies did not show the same results. In a rat model involving 
a brief surgical incision in the plantar hind paw, there was no 
difference between preincisional and postincisional treatment 
with intrathecal bupivacaine or intrathecal morphine. 35 

Several pre-emptive analgesic regimens have been tried 
in humans. These include intravenous doses of opioids, 36,37 
peripheral nerve blocks, 38 local infiltration of the surgi- 
cal site, 39 40 epidural administration of opioids and local 
anesthetics, 41-43 and multimodal combinations. 44 Treatment 
with nonsteroidal anti-inflammatory drugs given systemically 
and NMDA receptor antagonists has also been tried pre- 
emptively. In humans, these trials, along with meta-analytic 
studies, demonstrate the need for perioperative and not just 
preoperative analgesic interventions. In a large meta-analysis, 
Ong et al 45 combined 66 studies (total n=3,261) and stratified 
them according to type of analgesic intervention and outcome 
measures. The authors found the most robust analgesic effect 
for pre-emptive pain control was with epidural analgesia, 
followed by nonsteroidal anti-inflammatory drugs and local 
anesthetic wound infiltration. Pre-emptive opioids and sys- 
temic NMDA antagonists were not found to be efficacious. 

There are additional meta-analytic studies of periopera- 
tive analgesic interventions to provide preventive analgesia. 
Moiniche et al 1 reviewed 80 randomized controlled trials 
and concluded that there was no superiority of pre-emptive 
analgesia given before incision when compared with anal- 
gesic treatment given after incision. In addition, Dahl et al 
compared pain scores and analgesic requirements, and 
reported no significant decrease in pain scores or analgesic 



requirements if analgesic intervention was given preopera- 
tively versus postoperatively. 

The reason for the differences in the results of the meta- 
analysis by Ong et al and that of Dahl et al and Moiniche 
et al lie either in the different approaches used to calculate 
pain scores or in the different patient inclusion criteria 
used. 1 - 45 - 48 

Discussion 

A large body of literature exists comparing preincisional 
and postincisional analgesic interventions. The majority 
of the literature shows discrepancies in the results of both 
animal and human studies regarding the beneficial effects 
of pre-emptive analgesia. The overarching theory that likely 
explains the limits of the effectiveness of pre-emptive 
analgesia is that sensitization from incisional pain causes 
a shorter duration of peripheral sensitization and distinct 
central sensitization by initial excitation of primary affer- 
ent fibers. Surgical incision, although still a type of tissue 
injury, may not be as severe as the intense tissue injury 
seen in nerve injury and inflammation, the latter two being 
more persistent, of longer duration, and more challenging 
to treat. It appears that preventive analgesia involving peri- 
operative pain control with increased duration of analgesic 
treatment employing multimodal pain control techniques 
is more effective than sole administration of pre-emptive 
analgesia before the incision is made. Preventive analgesia 
helps to decrease hyperalgesia and peripheral and central 
sensitization. The duration and efficacy of a perioperative 
analgesic regimen is more important than the preopera- 
tive timing of an analgesic intervention alone. Preventive 
analgesia, a broader definition and a more inclusive term, 
encompasses any analgesic regimen in the perioperative 
period given to control sensitization induced by pain. 46 
Clinical practice points and a future research agenda are 
outlined in Table 1 . 

The most effective means by which to significantly 
decrease pain is a combination of pre-emptive analgesia 
and multimodal pain management. Multimodal therapy 
allows for lower dosages of any one medication to be used 
in combination, which reduces the risk of a significant side 
effect arising from administration of a single analgesic drug. 
Preventive analgesia includes pre-emptive analgesia to reduce 
sensitization caused by pain. Effective multimodal analgesia 
is an important component of preventive analgesia, result- 
ing in an increased duration of action of analgesic drugs to 
decrease long-term pain sensitivity at the peripheral and 
central levels. 
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Table I Clinical practice points and research agenda 
Clinical practice points 

• Timing of administration of pre-emptive analgesia is before the 
incision or surgery. Pre-emptive analgesia provides improved analgesia 
postoperatively compared with the identical analgesic treatment after 
incision or surgery. 

• Multimodal analgesia allows for lower doses of any one medication to 
be used in combination, thus decreasing side effects. 

• Preventive analgesia can be provided by an intervention given before 
or after incision and surgery, whether it be a placebo, no treatment, 
or analgesic treatment that reduces analgesic use or postoperative 
pain for a period longer than the duration of action for the 
intervention. 

• Duration of treatment and effective analgesic regimens are the 
two important considerations in the administration of preventive 
analgesia. 

Research agenda 

• There is an urgent need for preventive analgesic research evaluating 
which analgesic regimens would decrease the phenomenon of 
hyperalgesia and pain after surgery most effectively, and the 
multimodal therapies that would decrease or prevent long-term pain 
after surgery. 

• More research is required to improve postoperative pain control by 
preventive analgesia with the use of another treatment, such as 
peripheral nerve blocks focusing on duration of postoperative analgesia. 



Preventive analgesia is not time-constrained and involves 
the use of analgesic interventions perioperatively. Without 
a proper pain management plan, postoperative pain has the 
potential to result in chronic pain, with long-term negative 
consequences for the patient. 39 - 47 Prevention of this pain has 
been dubbed as the "holy grail of anesthesiology", 10 with 
more studies currently underway. "Preventive analgesia" 
may be a more appropriate term for all these efforts cov- 
ering the perioperative period rather than the previously 
used term "pre-emptive analgesia" which has narrower 
connotations. 48,49 
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